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(54) Control device for hydraulicaliy propelled work vehicle 



(57) A control device for a hydraulicaliy propelled 
work vehicle according to the present invention com- 
prises an engine revolution speed control means (360) 
which controls the revolution speed of an engine (21); a 
variable displacement type hydraulic pump (1) which is 
driven by_the engine (21); a displacement variation 
means (40) which varies the displacement of this varia- 
ble displacement hydraulic pump (1); a displacement 
control means (160A) which determines a target dis- 
placement according to the operational state of the 
pump (1), and drive controls the displacement variation 
means (40); and. a hydraulic motor (4) for vehicle pro- 
pulsion which is driven by hydraulic fluid ejected from 
the variable volume type hydraulic pump (1). There is 
further provided a slope descending detection means 
(52) which detects when the vehicle is descending 
down a slope, and, when it is detected by this detection 
means that the vehicle is descending down a slope, 
along with a means for engine revolution speed control 
(360) lowering the revolution speed of the engine (21), a 
displacement control means (160A) limits the maximum 
displacement of the hydraulic pump (1) to a value higher 
than during vehicle propulsion on level ground at a con- 



stant speed. 



FIG. 2 
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Description 

Field of Art 

The present invention relates to a control device for s 
a hydraulically propelled work vehicle in which a hydrau- 
lic motor for vehicle propulsion is driven by a variable 
displacement hydraulic pump. 

Background Art io 

As a hydraulically propelled work vehicle equipped 
with this type of control device, there is for example a 
wheel type hydraulic shovel such as that shown in Fig. 
9. Referring to that figure, the symbol F denotes a 75 
hydraulic motor for vehicle propulsion, and rear wheels 
M are driven by the rotation of this hydraulic motor F, via 
a transmission K and a propeller shaft L, so as to propel 
the vehicle. Further, a boom N, which forms one portion 
of a front attachment, is raised and lowered by the 20 
extension and contraction of a boom cylinder G. 

In this type of a hydraulically propelled work vehicle, 
Japanese Patent Laying Open Publication Showa 63- 
167042 discloses a hydraulic control device that con- 
trols a horsepower of an engine according to load so 2s 
that a fuel consumption is improved. However, the case 
of descending a slope is not considered in the control 
device according to Japanese Patent Laying Open Pub- 
lication Showa 63-167042, the rate of the fuel consump- 
tion is not good when the vehicle is descending down a 30 
slope. 

Disclosure of Invention 

The object of the present invention is to provide a 35 
control device for a hydraulically propelled work vehicle 
which improves the rate of the fuel consumption when 
the vehicle is descending down a slope. 

The present invention is applied to a control device 
for a hydraulically propelled work vehicle which com- 40 
prises an engine revolution speed control means which 
controls the revolution speed of an engine; a variable 
displacement type hydraulic pump which is driven by 
the engine; a displacement variation means which var- 
ies the displacement of this variable displacement 45 
hydraulic pump; a displacement control means which 
determines a target displacement according to the 
operational state of the pump, and drive controls the dis- 
placement variation means; and, a hydraulic motor for 
vehicle propulsion which is driven by hydraulic fluid so 
ejected from the variable volume type hydraulic pump. 

The above described objective is attained by a con- 
struction according to claim 1 , as will now be described. 

There is provided a slope descending detection 
means which detects when the vehicle is descending 55 
down a slope, and, when it is detected by this detection 
means that the vehicle is descending down a slope, 
along with a means for engine revolution speed control 
lowering the revolution speed of the engine, a displace- 



ment control means limits the maximum displacement 
of the hydraulic pump to a value higher than during vehi- 
cle propulsion on level ground at a constant speed. 
According to this, because the engine revolution speed 
when the vehicle is descending down a slope is 
decreased from its value during vehicle propulsion on 
level ground and also the displacement is increased 
above its value during vehicle propulsion on level 
ground at a constant speed, thereby the output power of 
the engine is optimally matched with the power con- 
sumed by the hydraulic pump, and accordingly the spe- 
cific fuel consumption when the vehicle is being 
propelled down a slope is improved. 

According to the invention of claim 2, there is pro- 
vided a slope ascending detection means which detects 
when the vehicle is ascending up a slope, and the dis- 
placement control means, when this detection means 
detects that the vehicle is ascending up a slope, along 
with the engine revolution speed control means increas- 
ing the revolution speed of the engine, limits the maxi- 
mum displacement of the hydraulic pump to a value 
lower than during vehicle propulsion on level ground at 
a constant speed. According to this, also when the vehi- 
cle is ascending up a slope, the output power of the 
engine is optimally matched with the power consumed 
by the hydraulic pump, and accordingly the specific fuel 
consumption, not only when the vehicle is being pro- 
pelled down a slope but also when the vehicle is 
ascending up a slope, is improved. 

Brief Description of Drawings 

Fig. 1 A is a figure showing the P-Q characteristic of 

a hydraulic pump shown in Fig. 2; 

Fig. 1 B is a f igure showing the P-Q characteristic of 

a prior art hydraulic pump; 

Fig. 2 is a figure showing the overall construction of 

a hydraulic drive control device according to the 

present invention; 

Fig. 3 is an enlarged figure showing a portion of Fig. 
2; 

Fig. 4 is a detailed block diagram of a tilt angle con- 
trol circuit section included in a controller shown in 
Fig. 2; 

Fig. 5 is a detailed block diagram of an engine rev- 
olution speed control device included in a controller 
shown in Fig. 2; 

Fig. 6 is a flow chart for the case when a delay con- 
trol circuit and a servo control circuit of Fig. 5 are 
realized by a program; 

Fig. 7A is a graph showing the motor volumetric effi- 
ciency, the motor torque efficiency, etc.; 
Fig. 7B is a graph showing the relation between the 
motor displacement and the output torque; 
Fig. 8 is a graph showing variation of the propulsion 
force as related to variation of the displacement; 
Rg. 9 is a side view of a wheel type hydraulic 
shovel; 

Rg. 10 is a general view of a hydraulic fluid pressur- 
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ization device for a wheel type hydraulic shovel, 
which expels pressurized hydraulic fluid, both for 
vehicle propulsion and for performing work, from a 
single pump; 

Fig. 11 is a block diagram showing the details of s 
another embodiment of the tilt angle control circuit 
section; 

Fig. 12 is a block diagram showing the details of 

another embodiment of the engine revolution speed 

control circuit section; 10 

Fig. 13 is a flow chart for the case when a servo 

control circuit of Fig. 12 is realized by a program; 

Fig. 14A is a figure giving a P-Q graph when the 

vehicle is being propelled on the level ground; 

Fig. 14B is a figure giving a P-Q graph when the is 

vehicle is being propelled up a slope; 

Fig. 14C is a figure giving a P-Q graph when the 

vehicle is being propelled down a slope; 

Fig. 15 is a graph showing the improved specific 

fuel consumption when the vehicle is being pro- 20 

pelled down a slope; 

Fig. 16A is a P-Q graph for explanation of the prior 
art; 

Fig. 16B is a P-Q graph for explanation of the prior 
art; 55 
Fig. 17 is an N-Q graph for explanation of the prior 
art; 

Fig. 18 is a graph for explanation of the specific fuel 
consumption in the prior art; and 
Fig. 19 is a P-Q graph for intending the prior art 30 
specific fuel consumption to be improved when the 
vehicle is being propelled on level ground and when 
it is being propelled up a slope. 

Best Mode for Carrying Out the Invention 35 

- Embodiment 1 - 

An embodiment of the present invention will now be 
explained with reference to Figs. 1 through 8. 40 

Fig. 2 is a figure showing the overall construction of 
a control device for a wheel type hydraulic shovel, 
according to the present invention, and Fig. 3 is a figure 
showing an enlarged portion of Fig. 2. 

With reference to Figs. 2 and 3, the revolution 45 
speed of the engine 21 is controlled by a governor lever 
21b of a governor 21a being rotated by a pulse motor 22 
according to operation of a fuel lever 57a or according to 
the amount by which a vehicle driving pedal 6a is 
stepped upon. The details of this control will be so 
explained hereinafter. A variable displacement hydraulic 
pump 1 is driven by the rotation of this engine 21, and 
the hydraulic fluid ejected from it is conducted to a 
hydraulic motor 4 via a control valve for vehicle propul- 
sion 2, a center joint CJ, and a counterbalance valve 3, ss 
and also is conducted via a control valve for performing 
work 23 to a hydraulic cylinder 24 for driving a boom. In 
this construction, the counterbalance valve 3 and the 
hydraulic motor for vehicle propulsion 4 which are 



shown in the figures as higher than the center joint CJ 
are disposed in a lower moving body portion of the 
hydraulic shovel, while the control valve for vehicle pro- 
pulsion 2, the hydraulic pump 1, and the engine 21 etc. 
which are shown in the figures as lower than the center 
joint CJ are disposed in an upper rotating body portion 
thereof. 

Fig. 7A is a graph displaying motor displacement 
along the horizontal axis and volumetric efficiency t]V, 
torque efficiency nm, and efficiency tip related to 
hydraulic pressure loss in the vehicle propulsion hydrau- 
lic circuit along the vertical axis. Fig. 7B is a graph dis- 
playing motor displacement along the horizontal axis 
and output torque of the motor for vehicle propulsion 
along the vertical axis. The Fig. 7B graph shows the 
torque line for pump maximum flow amount during vehi- 
cle propulsion. Now, if only output torque is to be con- 
sidered, with regard to pump output flow amount during 
vehicle propulsion, the maximum efficiency is attained 
when the displacement is q1 . However, from the point of 
view of consideration of heat balance, the displacement 
should not be made excessively small. Accordingly one 
should choose the maximum value for displacement to 
be q2. in order simultaneously to satisfy the considera- 
tions of efficiency and heat balance. With regard to 
pump output flow amount while performing work, 
because heat balance does not present so much of a 
problem, a displacement (>q2) suitable for the highest 
efficiency should be chosen as its maximum value. If it 
is possible to provide a large hydraulic fluid cooler, then 
it is possible to choose the displacement q1 which is 
best for efficiency also during vehicle propulsion. 

As shown in Fig. 2, the control valve for vehicle pro- 
pulsion 2 is controlled to switch over by a pilot hydraulic 
pressure supplied from a pilot hydraulic pressure circuit 
for vehicle propulsion made up from a hydraulic pump 5, 
a pilot valve 6, a slow return valve 7, and a for- 
ward/reverse changeover valve 8. For example, if the 
forward/reverse changeover valve 8 is shifted to its for- 
ward propulsion position (the F position) and the pedal 
6a of the pilot valve 6 is operated, along with the engine 
revolution speed being controlled according to this 
amount by which the pedal is stepped upon, the output 
pressure from the hydraulic pump 5 is supplied to the 
pilot port of the pilot type control valve 2, and this control 
valve 2 is shifted through a stroke amount determined 
according to the pilot hydraulic pressure. By this, the 
hydraulic fluid ejected from the variable displacement 
hydraulic pump 1 is supplied to the hydraulic motor 4 
through the conduit 25. the pressure compensation 
valve 26, the control valve 2. the conduits 27 or 28 and 
the counterbalance valve 3. and thereby the vehicle is 
propelled. The speed of the vehicle depends upon the 
amount of depression of the vehicle driving pedal 6a. 

A control valve for performing work 23 is shifted by 
the operation of a pilot valve for performing work 29, and 
hydraulic fluid ejected from the hydraulic pump 1 is con- 
ducted to a hydraulic cylinder for driving a boom 24 via 
a conduit 30, a pressure compensation valve 31 and the 
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control valve 23; and a boom N, shown in Fig. 9, is 
raised and lowered by the extension and shortening of 
the hydraulic cylinder 24. In this construction, the pres- 
sure compensation valves 26 and 31 are for ensuring 
that a hydraulic pressure is supplied from the hydraulic 5 
pump 1 to each of the hydraulic motor 4 and the hydrau- 
lic cylinder 24 which is higher than the corresponding 
load pressure by just a predetermined amount, so that 
by this both of the actuators can be operated independ- 
ently, to 

The tilt angle of the variable displacement hydraulic 
pump 1 , Le the displacement thereof, is controlled by a 
tilt angle variation device 40. This tilt angle variation 
device 40 is made up from a hydraulic pump 41 which is 
driven by the engine 21, a pair of electromagnetic is 
valves 42 and 43, and a servo cylinder 44 the position of 
the piston of which is controlled by pressurized hydrau- 
lic fluid from the hydraulic pump 41 according to the 
shifting of the electromagnetic valves 42 and 43; and 
the tilt angle of the hydraulic pump 1 is controlled by the 20 
position of the piston of the servo cylinder 44. With this 
construction, the shifting of the pair of electromagnetic 
valves 42 and 43 is controlled by a controller 60. 

The forwardfreverse changeover valve 8 is of an 
electromagnetic type, and, according to a for- 25 
ward/reverse changeover witch SW1 which is provided 
at the driver's seat of the vehicle being shifted from its N 
position to its F position or to its R position, said for- 
ward/reverse changeover valve 8 is correspondingly 
shifted from its N position respectively to its F position or 30 
to its R position. When this forward/reverse changeover 
switch SW1 is at its N position, then it provides a high 
level signal as its output. The reference numeral SW2 
denotes a brake switch, which is shifted to its W position 
for performing work, while it is shifted to its T position for 35 
vehicle propulsion. When the brake switch SW2 is oper- 
ated so as to be shifted to its W position, then both a 
parking brake and a service brake, not shown in the fig- 
ures, are actuated; while, on the other hand, when said 
brake switch SW2 is operated so as to be shifted to its T 40 
position, then the parking brake is not actuated, and the 
service brake can be actuated by the operation of a 
brake pedal. When the brake switch SW2 is at its W 
position, then it provides a high level signal as its output 

The reference numeral 51 denotes a tilt angle sen- 45 
sor which detects the tilt angle 9s of the hydraulic pump 
1 , while 52 is a pressure sensor which detects the out- 
put pressure Pp of the hydraulic pump 1 , 53 is a revolu- 
tion speed sensor which detects the revolution speed Nr 
of the engine 21 , and 54 is a pressure difference sensor so 
which detects the pressure difference Apis between the 
output pressure of the hydraulic pump 1 and the value of 
the maximum load pressure of the actuators fed thereby 
(i.e., the larger one of the load pressure of the hydraulic 
motor 4 and the load pressure of the hydraulic cylinder ss 
24, the larger pressure being the one selected accord- 
ing to the operation of a shuttle 32). Further, the refer- 
ence numeral 55 denotes a potentiometer which 
detects the amount Nrp of rotational movement of the 



governor 21b, while 56 is a pressure sensor which 
detects the pressure Pi which is produced by the pilot 
valve 6 according to the amount by which the vehicle 
driving pedal 6a is operated. The results output from 
each of these sensors and the output signals from the 
above forward/reverse changeover witch SW1 and 
from the brake switch SW2 are input to the controller 60. 
The reference numeral 57 denotes a revolution speed 
setting device on which a target revolution speed value 
No is commanded, according to the manual operation of 
the fuel lever 57a, and the command signal therefrom is 
input to the controller 60. 

The controller 60 incorporates a tilt angle control 
circuit section 1 60 as shown in Fig. 4 and an engine rev- 
olution speed control circuit section 260 shown in Fig. 5. 
The tilt angle control circuit section 1 60 is made up from 
a load sensing control section 161 (hereinafter referred 
to as the LS control section), a torque control section 
162, a minimum value selection section 163, a decision 
section 164 which is made up from a comparator 164a 
and an AND gate circuit 164b, a servo control section 
165, and a maximum tilt angle setting circuit 166. The 
engine control circuit section 260 will be described 
hereinafter. 

The LS control section 161 comprises a target 
pressure difference APLSR setting section 1 61a, a devi- 
ation calculation device 161b which calculates the devi- 
ation A(PLS) between the pressure difference APLSD 
detected by the pressure difference sensor 54 and the 
target pressure difference, a function generating section 
161c which calculates tine alteration amount A8L of the 
target value based upon this deviation A(PLS), and an 
integrator 161d which integrates this alteration amount 
AOL of the target value and outputs it as a target pump 
tilt angle 8L for load sensing control. 

The torque control section 162 comprises a devia- 
tion calculation device 162a which calculates the sur- 
plus torque AT from the deviation between the engine 
revolution speed Nr as detected by the engine revolu- 
tion speed sensor 53 and the governor position Nrp as 
detected by the potentiometer 55, and based upon this 
deviation AT a target torque Tpo for preventing engine 
stalling is calculated by a target torque calculation sec- 
tion 162b. Further, the reciprocal of the pump output 
pressure Pp as detected by the pressure sensor 52 is 
calculated by a reciprocal calculating section 162c, and 
in a multiplier 162d this reciprocal and the target torque 
Tpo are multiplied together to determine 6ps. And finally 
this value Ops is fed through a linear delay factor filter 
1 62 e so as to be output as a target pump tilt angle 6T for 
input torque limit control. 

The comparator 164a incorporated in the decision 
section 164 is so constructed as to output a high level 
signal when the pilot pressure Pi as detected by the 
pressure sensor 56 is higher than a previously set con- 
stant pressure value, and its output signal is fed to a non 
inverting input terminal of the AND gate circuit 164b. To 
the two other inverting input terminals of this AND gate 
circuit 164b there are fed, respectively, the signal from 



4 



7 



EP0 761 491 A2 



8 



the brake switch SW2 and the signal from the for- 
ward/reverse changeover switch SW1 . Thus, when: 

(1) the brake switch SW2 is at its T terminal or its P 
terminal (the switch SW2 is outputting a low level s 
signal), and: 

(2) the forward/reverse changeover switch SW1 is 
at a position other than its N position, i.e. is at its F 
position or at its R position (the switch SW1 is out- 
putting a low level signal), and: 10 

(3) the above described pilot pressure Pi is higher 
than the predetermined pressure value (the compa- 
rator 164a is outputting a high level signal), 

i.e. during vehicle propulsion, the output of the AND is 
gate circuit 164b is high level and the contact t of a 
switch 166c which will be described hereinafter is con- 
nected; while on the other hand while performing work 
the output of the AND gate circuit 164b is low level and 
the contact d of the switch 1 66c is connected. 20 

The maximum tilt angle setting circuit 166 com- 
prises a tilt angle while performing work setting section 
166a on which the previously determined maximum tilt 
angle edmax while performing work is set, a maximum 
tilt angle during propulsion setting section 166b which 25 
outputs a maximum tilt angle Otmax during propulsion 
based upon the pump output pressure Pp, and a selec- 
tion switch 166c which selects one or the other of the 
maximum tilt angle while performing work and the max- 
imum tilt angle during propulsion and outputs a limit tilt 30 
angle Gmax. The maximum tilt angle during propulsion 
setting section 166b, when the vehicle is being pro- 
pelled down a slope and the pump pressure Pp 
becomes less than a fixed value Pr, sets the maximum 
tilt angle Otmax during propulsion to be the greater, the 35 
lower is this pressure. 

The minimum value selection section 163 selects 
the minimum value from the target tilt angles 8L and 6T 
and Omax, and outputs it as a commanded tilt angle 
value Or to the servo control section 165. In the servo 40 
control section 165, the deviation AO between the com- 
manded tilt angle value Or which was input and the tilt 
angle feedback value Os which is detected by the tilt 
angle sensor 51 is calculated in the deviation calculator 
1 65a, and based upon this deviation AO an ON/OFF sig- 45 
na! for the electromagnetic valves 42 and 43 is output 
from the function generation section 165b. In this man- 
ner, the tilt angle variation device 40 performs control so 
as to make the pump tilt angle Os agree with the com- 
manded tilt angle value Or. so 

Next, the P-Q graph of the variable displacement 
hydraulic pump 1 in this embodiment will be explained. 

With this embodiment, because, along with the tar- 
get tilt angles OL and OT being output from the load 
sensing control portion 161 and the torque control sec- 55 
tion 162 respectively, the maximum tift angle Omax is 
output from the maximum tilt angle setting circuit 166, 
and because the smallest of these values is selected in 
the minimum value selection section 163, therefore the 



maximum value of tilt angle is limited to this maximum 
tilt angle Omax. Now, as will be described hereinafter, 
although the maximum engine revolution speed during 
vehicle propulsion is arranged to be higher than the 
maximum engine revolution speed while performing 
work, nevertheless in order that the maximum pump 
output flow amount Qt1 max during vehicle propulsion 
on level ground (pressure less than Pr) becomes in fact 
smaller than the maximum pump output flow amount 
Qdmax while performing work, the maximum tilt angle 
0t1 max during vehicle propulsion on level ground is set 
to be lower than the maximum tilt angle Odmax while 
performing work. By this type of setting, the P-Q graph 
shown in Fig. 1A is obtained. In Fig. 1A, T is the P-Q 
graph during vehicle propulsion, while D is the P-Q 
graph while performing work. Now, because it is 
arranged that the maximum tilt angle 0t2max when the 
vehicle is being propelled down a slope (the vehicle pro- 
pulsion pressure less than Pr) is greater than the maxi- 
mum tilt angle 0t1 max during vehicle propulsion on level 
ground, therefore, as shown in Fig. 1A, the maximum 
pump output flow amount Otmax when the pressure is 
less than Pr shows a tendency to be somewhat 
increased from Qtlmax in the direction of Qt2max. 

Fig. 5 is a general view for explanation of the engine 
revolution speed control circuit portion 260 included in 
the above described controller 60 shown in Fig. 2. 

The engine revolution speed control circuit portion 
260 comprises two function generators 261 T and 261 D, 
a selection switch 262, a maximum value selection cir- 
cuit 263, a delay control circuit 264, a servo control cir- 
cuit 265, and a decision circuit 266 comprising AND 
gates 266a and 266b. 

A signal representing the pilot pressure Pi detected 
by the pressure sensor 56 (also representing the 
amount 0 p by which the vehicle driving pedal is stepped 
upon) is input to the function generators 261 T and 261 D 
and the delay control circuit 264. The function genera- 
tors 261 T and 261 D output revolution speeds Nt and Nd 
determined according to functions (revolution speed 
characteristics) LI and L2 for the target revolution 
speed for the engine 21 as corresponding to the pilot 
pressure Pi. The function Li is a vehicle propulsion rev- 
olution speed characteristic suitable for application dur- 
ing vehicle propulsion, while the function L2 is a working 
revolution speed characteristic suitable for application 
when performing work. With the function L1 the rise in 
revolution speed is steeper than with the function L2, 
and also the maximum revolution speed is set to be 
higher. Thus during performing work rt is possible to 
control the engine revolution speed with the vehicle driv- 
ing pedal 6a according to a revolution speed character- 
istic which is appropriate for performing work, while 
during vehicle propulsion it is possible to control the 
engine revolution speed with the vehicle driving pedal 
6a according to a revolution speed characteristic which 
is appropriate for vehicle propulsion. 

The selection switch 262 comprises a fixed contact 
X which is connected to the function generator 261 T 
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which outputs the revolution speed Nt according to the 
revolution speed characteristic L1 for use during vehicle 
propulsion, another fixed contact Y which is connected 
to the function generator 261 D which outputs the revo- 
lution speed Nd according to the revolution speed char- 5 
acteristic L2 suitable for performing work, and a fixed 
ground contact Z which is connected to ground. When 
the fixed contact Z is connected, a revolution speed sig- 
nal is selected which represents a low revolution speed 
low©- even than idling speed. The switching over of this 
selection switch 262 is performed by signals from the 
AND gate 266a and from the AND gate 266b. 

The non inverted input terminals of the AND gate 
266a are connected to the W contact of the brake switch 
SW2 and to the neutral contact N of the forward/reverse 
changeover switch SW1 . Further, the inverted input ter- 
minals of the AND gate 266b are respectively con- 
nected to the W contact of the brake switch SW2 and to 
the neutral N contact of the^fbrward/reverse changeover 
switch SW1, and its non inverted input terminal is con- 
nected to the pressure sensor 56. As has been 
described above, when the brake switch SW2 is 
switched to its W position its W contact goes high level, 
while in its T or P position its W contact goes low level. 
When the forward/reverse changeover switch SW1 is 
switched to its neutral N position its neutral N contact 
goes high level, while in its F or its R position its N con- 
tact goes low level. When the vehicle driving pedal 6a is 
stepped upon, the signal from the pressure sensor 56 
goes high level. Accordingly, the vehicle propulsion sig- 
nal output by the AND gate circuit 266b goes high level 
during actual vehicle propulsion and the X terminal of 
the switch 262 is connected, while performing work the 
working signal output by the AND gate circuit 266a goes 
high level and the Y terminal of the switch 262 is con- 
nected. 

According to the switched position of the selection 
switch 262, either the engine revolution speed signal 
from one or the other of the function generators 262T 
and 262D or the low revolution speed signal from the 
fixed contact Z is selected and is input to the maximum 
value selection circuit 263. To the other input terminal of 
this maximum value selection circuit 263 there is also 
supplied the revolution speed No from the revolution 
speed setting device 57; and whichever of these is the 
greater is input to the delay control circuit 264 as the tar- 
get revolution speed Nroa. Now, the maximum value of 
the revolution speed ordered on the revolution speed 
setting device 57 is limited to the maximum revolution 
speed of the revolution speed characteristic L2 suitable so 
for performing work. The output signals from the AND 
gates 266a and 266b showing whether the current vehi- 
cle operational condition is the propulsion condition or 
the working condition, and the pilot pressure Pi showing 
the amount by which the vehicle driving pedal is ss 
stepped upon, are input to the delay control circuit 264; 
and this delay control circuit 264 calculates the target 
value Nro for the governor lever position and inputs it to 
the servo control circuit 265. The current value of 



engine revolution speed, i.e. the value of the detected 
position Nrp of the governor lever, is also input to the 
servo control circuit 265 from the above described 
potentiometer 55, and this servo control circuit 265 per- 
forms control according to the procedure shown in Rg. 
6 to change the engine revolution speed to the target 
governor lever position value Nro. In other words, by the 
operation of both the circuits 264 and 265, slowdown 
control is performed only when the vehicle speed is 
decreasing, and in other circumstances normal revolu- 
tion speed control is performed according to the amount 
by which the vehicle driving pedal is stepped upon. This 
slowdown control is a type of engine revolution speed 
control in which, during deceleration operation when the 
amount by which the vehicle driving pedal is depressed 
is decreasing, the engine revolution speed is reduced 
more slowly than the speed of the decrease in the 
amount by which the pedal is stepped upon. 

Rg. 6 shows the control process when the delay 
control circuit 264 and the servo control circuit 265 are 
realized as a program. In the initial decision step S1 , 
based upon the signals from the AND gates 266a and 
266b, a decision is made as to whether the current vehi- 
cle operational state is the propulsion condition or the 
working condition. It is decided that the current vehicle 
operational condition is the working condition if the out- 
put signal from the AND gate 266a is high level, while it 
is decided that the current vehicle operational condition 
is the propulsion condition if the output signal from the 
AND gate 266b is high level. If the decision is made that 
the current vehicle condition is the propulsion condition, 
then the flow of control proceeds next to the decision 
step S2. When it is decided in the step S2 that the angle 
Op by which the pedal 6a is being depressed is greater 
than or equal to a fixed angle epo, in the step S3 a 
speed reduction flag F is set to 1 and the flow of control 
proceeds to the decision step S4, in which a decision is 
made as to whether or not the current target revolution 
speed Nroa is less than its value Nro1 the previous time 
this control procedure was executed. The meaning at 
this point of Nroa being less than Nro1 is that the vehicle 
driving pedal is being operated in the direction of speed 
reduction, i.e. that a command is being given for speed 
reduction. 

if the decision in the step S4 is NO, i.e. if it is 
decided that the vehicle driving pedal is not being oper- 
ated in the direction of speed reduction, then in the step 
S5 the speed reduction flag F is set to 0, and the flow of 
control passes next to the step Si 2 to be described 
hereinafter; while if the decision in the step S4 is YES. 
i.e. if it is decided that the vehicle driving pedal is being 
operated in the direction of speed reduction, then the 
flow of control passes next to the decision step S6, in 
which a decision is made as to whether or not the value 
of a variable i is equal to zero. This variable i is for show- 
ing how marry times this control loop of Fig. 6 has been 
repeated. Because the speed reduction flag F which 
was set to 1 in the step S3 is set to zero in the step S5 
which comes after a NO decision in the decision step 
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S4, therefore the meaning of this flag F being equal to 1 
is that speed reduction is currently being performed. 

If a YES decision is made in the step S6, next in the 
step S7 a determinate value io (with io>0) is loaded into 
the variable i, and next the flow of control proceeds to s 
the step S8, in which Nro is set to Nro1 -AN; and next the 
flow of control proceeds to the step S9. in this step S9 
the present value of Nro is loaded into Nro1 . and next 
the flow of control proceeds to the step S21. On the 
other hand, if in the decision step S6 a NO decision is 10 
made, then in the step S10 the value of the variable i is 
decremented by 1 , in the next step S1 1 Nro is replaced 
by Nro1 , and next the flow of control proceeds to the 
stepS9. 

However, if in the decision step S2 a NO decision is is 
made, then in the decision step S14 a decision is made 
as to whether or not the speed reduction flag F is equal 
to 1 . If the decision is YES, then next the flow of control 
proceeds to the step S4. On the other hand, if the deci- 
sion is NO, then in the step S12 the constant value io is 20 
loaded into the variable i, and next the flow of control 
proceeds to the step S13, in which Nroa is loaded into 
Nro. Thereafter the flow of control proceeds to the step 
S9. 

In the step S21 , the difference Nrp \ Nro between 2s 
the present governor lever position and the governor 
lever target value corresponding to the target revolution 
speed is determined, and the result is stored in the 
memory as a revolution speed difference A. In the step 
S22 a decision is made as to whether or not the abso- 30 
lute value of this result A is greater than or equal to a 
previously determined standard revolution speed differ- 
ence K. If in the decision step S22 the result of the deci- 
sion is YES, then the flow of control proceeds next to the 
decision step S23, in which a decision is made as to 35 
whether or not the revolution speed difference A is 
greater than zero. An affirmative result of this decision 
means that the present controlled revolution speed is 
greater than the target revolution speed Nro. Thus in the 
step S24 a signal is output to the pulse motor 22 to 40 
order it to rotate in the reverse direction by just the 
proper amount required to reduce the engine revolution 
speed from its present value by the previously deter- 
mined revolution speed unit AN. This causes the pulse 
motor 22 to rotate in the reverse direction, and thereby 45 
the revolution speed of the engine 21 is reduced by just 
the amount AN. In this way, the maximum value AN for 
the above described revolution speed unit is the maxi- 
mum revolution speed amount which can be incre- 
mented or decremented while one cycle through this so 
program loop is executed. 

On the other hand, a negative judgement in the 
decision step S23 means that the controlled revolution 
speed is lower than the target revolution speed Nro. 
Thus in the step S25 a signal is output to the pulse 55 
motor 22 to order it to rotate in the forward direction by 
just the proper amount required to increase the engine 
revolution speed from its present value by the above 
described revolution speed unit AN. This causes the 



pulse motor 22 to rotate in the forward direction, and 
thereby the revolution speed of the engine 21 is 
increased by just the amount AN. On the other hand, if 
in the decision step S22 the result of the decision is NO, 
then the flow of control proceeds next to the step S26, in 
which a motor stop signal is output, and thereby the rev- 
olution speed of the engine 21 is maintained at a con- 
stant value. After executing one or the other of the steps 
S24 through S26, the flow of control next returns back to 
the beginning of this program loop. 

The above explained steps S1 through S14 repre- 
sent the processing procedure of the delay control cir- 
cuit 264, and the step S21 and the following represent 
the processing procedure of the servo control circuit 
265. 

Next, the operation of this embodiment constituted 
as described above will be explained. 

Referring to Fig. 4 t while performing work, because 
the brake switch SW2 is positioned at its W terminal, 
and moreover the forward/reverse changeover switch 
SW1 is set to its N position (the neutral position), 
thereby the output of the AND gate circuit 164b of the 
decision section 1 64 provided in the tilt angle control cir- 
cuit section 160 is low level. Accordingly, the selection 
switch 166c selects the maximum tilt angle edmax suit- 
able for performing work, and the tilt angle of the 
hydraulic pump 1 is limited by Odmax (which is greater 
than etmax). On the other hand, during vehicle propul- 
sion, because the brake switch SW2 is switched over to 
its T terminal and moreover the forward/reverse 
changeover switch SW1 is switched over to a one of its 
positions other than its N terminal, i.e. to its F position or 
to its R position, then, when the vehicle driving pedal is 
stepped upon and its pilot pressure becomes greater 
than the predetermined value, the output of the AND 
gate circuit 164b goes high level. Due to this, the selec- 
tion switch 166c selects the maximum tilt angle etmax 
suitable for vehicle propulsion, and the tilt angle of the 
hydraulic pump 1 is limited by etmax. 

Both while performing work and during vehicle pro- 
pulsion the engine revolution speed is controlled as will 
now be described. With the maximum revolution speed 
during vehicle propulsion being set higher than the max- 
imum revolution speed while performing work, the nec- 
essary power for vehicle propulsion is assured. 

Referring to Fig. 5, at the start of performing work 
the brake switch SW2 is shifted to its W position, and as 
described above the main brake device and the parking 
brake device which are not shown in the figures are both 
operated, so as to apply working braking. At this time, 
the forward/reverse changeover switch SW1 is set to its 
neutral position N, and the output of the AND gate 266a 
is high level, so that the selection switch 262 is switched 
over to its Y contact. As a result, the revolution speed 
characteristic L2 for use while performing work set in 
the function generator 261 D is selected. On the other 
hand, in the situation in which along with the brake 
switch SW2 being switched over to its T position or to its 
P position the forward/reverse changeover switch SW1 
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is switched over to its forward propulsion position F or to 
its reverse propulsion position R, then when the pres- 
sure Pi is generated the output of the AND gate 266b 
goes high level, so that the selection switch 262 is 
switched over to its X contact. As a result, the revolution 5 
speed characteristic L1 for use during vehicle propul- 
sion set in the function generator 261 T is selected. 

In any other situation than the two described above, 
the selection switch 262 is switched over to its Z con- 
tact, and the signal which represents a revolution speed 10 
lower than idling speed is selected. The revolution 
speed thus selected is input to the maximum value 
selection circuit 263 and is compared with the revolution 
speed No set on the revolution speed setting device 57, 
and the one of them which is the greater is selected as 75 
the target revolution speed Nroa. This target revolution 
speed Nroa is input to the delay control circuit 264 and 
the target revolution speed Nro is calculated; and this 
Nro is input to the servo control circuit 265. And, accord- 
ing to the procedure shown in Fig. 6, slowdown control 20 
is only performed tor speed reduction during vehicle 
propulsion, and in other circumstances norma) engine 
revolution speed control is performed. 

Accordingly, during vehicle propulsion on level 
ground at a fixed speed in the pressure region where 25 
the vehicle propulsion pressure is less than Pr, the max- 
imum flow amount from the hydraulic pump 1 during 
vehicle propulsion is Qtlmax as can be ascertained 
from Fig. 1 A, while performing work it is Qdmax (which 
is greater than Qtlmax), and the pressure loss during 30 
vehicle propulsion is diminished as compared with the 
prior art. Further, even though the displacement of the 
hydraulic motor is reduced by just the amount that the 
flow amount of the pump is diminished, it is possible to 
obtain the desired maximum speed, so that thereby the 35 
efficiency, including the motor volumetric efficiency, the 
torque efficiency, and the pressure loss as well, can be 
increased; and not only it is possible to obtain a desired 
torque for vehicle propulsion although the displacement 
of the hydraulic motor is reduced, but also the specific 40 
fuel consumption during vehicle propulsion along level 
ground is improved. Yet further, by reduction of the dis- 
placement of the hydraulic motor (for example from 
90cc to 70cc), as shown in Fig. 8, the characteristic of 
the propulsion force with relation to the speed V is ele- 45 
vated from the curve Ft1 to the curve Ft2, and the pro- 
pulsion force can be made proportionally larger just in 
correspondence to the proportional improvement in 
pressure loss, and thus the vehicle speed when it is 
being propelled up a slope is improved. And, yet further, so 
because when the vehicle is being propelled down a 
slope, the pump pressure Pp is lower than the predeter- 
mined pressure value Pr, and the maximum tilt angle 
etmax for vehicle propulsion becomes greater the less 
the pump pressure Pp becomes, thereby the maximum 55 
flow amount Qt2max of the pump is increased as shown 
in Fig. 1 A so as to be higher than that during vehicle 
propulsion on level ground, whereby the maximum 
speed when the vehicle is being propelled down a slope 



can be faster than during vehicle propulsion on level 
ground. As shown by the broken double dotted line Tx in 
Fig. 1 A, the operational benefit of the present invention 
is identical to that described above, even if the maxi- 
mum flow amount Qt3max of the pump when the vehicle 
is being propelled down a slope exceeds the maximum 
flow amount Qdmax of the pump when performing work. 

That is to say, when during vehicle propulsion the 
vehicle driving pedal 6a is operated in the direction to 
accelerate the vehicle, in the step S4 a NO decision is 
reached, and then in the step S13, because the value 
Nroa selected by the selection switch 262 is set as the 
value of the target revolution speed Nro, the engine rev- 
olution speed quickly increases according to the opera- 
tion of the vehicle driving pedal 6a. On the other hand, 
when during vehicle movement the vehicle driving pedal 
6a is operated in the direction to decelerate the vehicle, 
in the step S4 a YES decision is reached, and only 
when i=0 is the target revolution speed Nro set (in the 
step S8) to its value Nro1 the time round before decre- 
mented by AN (the revolution speed unit). The variable i 
is progressively decremented by one each time the step 
S10 is passed through, so that the step S8 is executed 
just once each time that the Fig. 6 control loop is 
repeated a predetermined number of times. Accord- 
ingly, the engine revolution speed is decreased in pro- 
portion with the passage of time. 

Further, if in _the step S1 a decision is made that 
work is being performed, then, the engine revolution 
speed is controlled by the loop including the steps S12, 
S13, S9, and the steps S21 through S26. Therefore 
even when the stepping on amount for vehicle move- 
ment is diminished slowdown control is not performed, 
but instead normal engine revolution speed control is 
executed, and thus the operational feeling is improved 
when controlling the engine revolution speed with the 
vehicle driving pedal while performing work. 

With regard to the characteristic for the maximum 
tilt angle during propulsion setting section 166b, 
although with the above described embodiment the 
maximum tilt angle when the vehicle is being propelled 
down a slope is made greater in relation to pump pres- 
sure, so that the vehicle speed when being propelled 
down a slope is made greater as compared to the vehi- 
cle speed during propulsion on level ground. However, 
as an alternative, it would also be acceptable to set the 
maximum vehicle speed when being propelled down a 
slope to be the same as the maximum vehicle speed 
during vehicle propulsion on level ground, by setting the 
maximum tilt angle both during vehicle propulsion on 
level ground and while it is being propelled down a slope 
in the same way. Further, although in the above 
described embodiment the condition that the vehicle is 
being propelled down a slope is detected from the pres- 
sure of the pump, as an alternative it would also be 
acceptable for such detection to be performed from 
other phenomena characteristic of the vehicle thus 
being propelled down a slope. 

Now, although with the above the amount of opera- 
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tion of the vehicle driving pedal 6a was detected by the 
use of a pilot pressure sensor 56, rt would also be 
acceptable, for example, to detect this amount of opera- 
tion by fixing a potentiometer or the like directly to the 
vehicle driving pedal 6a. Detection of the various other 5 
types of information is also not to be considered as lim- 
ited to the methods described above. Further, the con- 
struction of the controller also is not limited to that 
described above. Again, although with the above the 
construction was such that a single forward/reverse w 
changeover valve 8 was used which could take any one 
of three positions, it would also be acceptable for the 
construction to include two valves: a forward/reverse 
changeover valve which had two positions, and an 
opening and closing valve. Yet further, although with the 75 
above construction the vehicle propulsion state was rec- 
ognized according to switching of the brake switch SW2 
to any position other than its W position, according to 
switching over of the forward/reverse changeover switch 
to any position other than its N position, and according 20 
to operation of the vehicle driving pedal, it would also be 
acceptable to recognize the vehicle movement state 
only according to the condition of the brake switch, or 
alternatively only according to the condition of the for- 
ward/reverse changeover switch. Recognizing the work- 2 s 
ing state according to detection of the actual operation 
of the parking brake device and the main brake device, 
or discriminating between the vehicle movement state 
and the working state from the actual position of the for- 
ward/reverse changeover valve 8, would also be accept- 30 
able. And furthermore, although the above explanations 
have all been made in terms of a wheel type hydraulic 
shovel, the present invention can also be applied in the 
same way to other types of hydraulicaliy propelled vehi- 
cle. 35 

- Embodiment 2 - 

The controller 60 of the second embodiment com- 
prises a tilt angle control circuit section 160A as shown 40 
in Fig. 1 1 and an engine revolution speed control circuit 
section 360 as shown in Fig. 12. The tilt angle control 
circuit section 160 A is composed of a load sensing con- 
trol section 161 (hereinafter referred to as the LS control 
section), a torque control section 1 62, a minimum value 45 
selection section 163 A, a maximum tilt angle setting 
section 167, and a servo control section 165. The LS 
control section 161, the torque control section 162, and 
the servo control section 165 are the same as those of 
the first embodiment, and accordingly the description of so 
these elements will be curtailed. The engine revolution 
speed control circuit section 360 will be described here- 
inafter. 

The maximum tilt angle setting section 167 is con- 
structed so as to output the maximum tilt angle 0M ss 
based upon the engine revolution speed Nr which it 
receives as input from the engine revolution speed sen- 
sor 53, and it calculates 6M from the following equation 
in order to obtain the standard flow amount Qtmax relat- 



ing to the maximum revolution speed N1 during vehicle 
propulsion on level ground and the pump tilt angle 01 in 
any revolution speed ranges. 

0M=(ei XN1)/Nr 

Thus, until the engine revolution speed Nr reaches 
a predetermined value NO (for example idling revolution 
speed), the maximum value Omax is output as the max- 
imum tilt angle 9M; while, in the region in which the 
engine revolution speed Nr exceeds the predetermined 
value NO, a maximum tift angle 6M is output which 
becomes smaller as the engine revolution speed Nr 
increases. 

The minimum value selection section 163A selects 
the least value from the target pump angle 0L, 6T, and 
6M, and outputs it to the servo control section 165 as 
the commanded tilt angle value Or. 

Fig. 12 is a general view for detailed explanation of . 
the engine revolution speed control circuit section 360 
included in the controller 60. 

This engine revolution speed control circuit section 
360 comprises three function generators 361 through 
363, a maximum value selection circuit 364, an integra- 
tor 365, an adder 366, and a servo control circuit 367. 

The function generator 361 outputs a target revolu- 
tion speed Nx based upon the amount x of operation of 
the fuel lever 57a as commanded from the revolution 
speed setting device 57. The function generator 362 
outputs a target revolution speed Nt based upon the 
pilot pressure Pi detected by the pressure sensor 56. 
The function generators 361 and 362 output target rev- 
olution speeds which are almost proportional to their 
input signals. The function generator 363 outputs a rev- 
olution speed correction Act based upon the pump pres- 
sure Pp as detected by the pump pressure sensor 52. If 
the pump pressure Pp is in a predetermined range less 
than P1, this function generator 363 outputs a negative 
revolution speed correction -Aa proportional to the 
pump pressure Pp. In the range from P1 to P2 the revo- 
lution speed correction Aa is zero, while in the range 
greater than P2 the function generator 363 outputs a 
positive revolution speed correction +Aa proportional to 
the pump pressure Pp. Here, the range less than P1 
means that the vehicle is being propelled down a slope, 
the range from P 1 to P2 means that the vehicle is being 
propelled along level ground, while the range greater 
than P2 means that the vehicle is being propelled up a 
slope. 

The maximum value selection circuit 364 selects 
the maximum value from the target revolution speed Nx 
and Nt, and inputs it to the adder 366 as the target rev- 
olution speed Nroa. The integrator 365 integrates the 
revolution speed correction Aa and inputs it to the adder 

366 as Aoi. The adder 366 adds together the target rev- 
olution speed Nroa and the integrated revolution speed 
correction Aoi, and inputs it to the servo control circuit 

367 as a governor lever position target value Nro. The 
current engine revolution speed from the above 
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described potentiometer 55, i.e. the detected value Nrp 
of governor lever position, is also inputted to the servo 
control circuit 367, and control is performed according 
to the procedure shown in Fig. 13 to change the engine 
revolution speed to the governor lever position target $ 
value Nro. 

Fig. 13 shows the control process when the servo 
control circuit 367 is realized as a program. In the step 
S31 , the target value Nro for governor lever position and 
the. detected value Nrp of governor lever position are 10 
read in. Next, in the step S32, the difference Nrp \ Nro 
between the present governor lever position and the 
governor lever position target value (which represents 
the target engine revolution speed) is calculated, and 
the result is stored in the memory as a revolution speed 75 
difference A. Subsequently in the decision step S33 a 
decision is made as to whether or not the absolute value 
of this revolution speed difference A is greater than or 
equal to a previously determined standard revolution 
speed difference K. If the result of the decision in this 20 
step S33 is YES, then the flow of control proceeds next 
to the decision step S34, in which a decision is made as 
to whether or not the revolution speed difference A is 
greater than zero. Since the affirmative result of this 
decision means that the present controlled engine revo- 25 
lution speed is higher than the target revolution speed 
Nro, in the step S35 a signal is output to the pulse motor 
22 to order it to rotate in the reverse direction by just the 
proper amount required to reduce the engine revolution 
speed from its present value by the previously deter- 30 
mined revolution speed unit AN. This causes the pulse 
motor 22 to rotate in the reverse direction, and thereby 
the revolution speed of the engine 21 is reduced by just 
the amount AN. In this way, the maximum value AN for 
the above described revolution speed unit is the maxi- 35 
mum revolution speed amount which can be incre- 
mented or decremented while one cycle through this 
program loop is executed. 

On the other hand, since the negative decision in 
the step S34 means that the controlled revolution speed 40 
is lower than the target revolution speed Nro, in the step 
S36 a signal is output to the pulse motor 22 to order it to 
rotate in the forward direction by just the proper amount 
required to increase the engine revolution speed from 
its present value by the above described revolution 45 
speed unit AN. This causes the pulse motor 22 to rotate 
in the forward direction, and thereby the revolution 
speed of the engine 21 is increased by just the amount 
AN. On the other hand, if in the decision step S33 the 
result of the decision is NO, then the flow of control pro- so 
ceeds next to the step S37, in which a motor stop signal 
is output, and thereby the revolution speed of the engine 
21 is maintained at a constant value. After executing 
one or the other of the steps S35 through S37, the flow 
of control next returns back to the beginning of this pro- 55 
gram loop. 

Next, the operation of this embodiment constituted 
as described above will be explained. 

During vehicle propulsion, the target revolution 
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speed set according to the fuel lever 57a is left at mini- 
mum and the engine revolution speed is controlled by 
the use of the vehicle driving pedal 6a. Accordingly, the 
target revolution speed Nt output from the function gen- 
erator 362 according to the pilot pressure Pi for vehicle 
propulsion is selected by the maximum value selection 
circuit 364. 

During vehicle propulsion at constant speed on 
level ground, the pump pressure Pp is in the range from 
P1 to P2, and thus the revolution speed correction Act 
from the function generator 363 is zero. Accordingly, the 
engine revolution speed is controlled to be the target 
revolution speed Nt depending upon the amount by 
which the vehicle driving pedal is depressed. 

When the vehicle is being propelled up a slope and 
the pump pressure Pp takes on a value which exceeds 
the value P2, a positive revolution speed correction +Aa 
corresponding to the pump pressure Pp is outputted 
from the function generator 363. Accordingly, the inte- 
grated value of this revolution speed correction +Aa is 
added to the target revolution speed Nt determined by 
the amount by which the vehicle driving pedal is 
depressed; and the engine revolution speed is control- 
led to be somewhat higher than during vehicle propul- 
sion on level ground. That is to say, the engine operates 
in a condition in which it develops a greater output 
power, as compared to the case of vehicle propulsion at 
constant speed on level ground. 

When the vehicle is being propelled down a slope 
and the pump pressure Pp takes on a value which is 
lower than the value P1, a negative revolution speed 
correction -Act corresponding to the pump pressure Pp 
is outputted from the function generator 363. Accord- 
ingly, the integrated value of this revolution speed cor- 
rection -Act is subtracted from the target revolution 
speed Nt determined by the amount by which the vehi- 
cle driving pedal is depressed, and the engine revolu- 
tion speed is controlled to be somewhat lower than 
during vehicle propulsion on level ground. 

In this case, if the maximum revolution speed 
according to the vehicle driving pedal 6a is designated 
as N1, according to the operation of the maximum tilt 
angle setting section 167 of Fig. 11, the maximum tilt 
angle 6M of the hydraulic pump 1 is limited by the angle 
01. so that at this maximum revolution speed N1 a limit 
speed of 35km/h is not exceeded. In other words, it is 
ensured that the maximum revolution speed during 
vehicle propulsion on level ground is limited to N1 , and 
the maximum tilt angle during vehicle propulsion on 
level ground is limited to 81. Accordingly, the maximum 
pump output flow amount Qtmax during vehicle propul- 
sion on level ground is given by the equation: 

Otmax= N1 x 61 

When the vehicle is being propelled up a slope and 
the engine revolution speed becomes greater than N1, 
in order not to exceed the limit speed of 35 km/h, the 
maximum tilt angle 6M of the hydraulic pump 1 is 
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reduced from 61 by an amount corresponding to the 
engine revolution speed. If the maximum revolution 
speed when the vehicle is being propelled up a slope is 
designated as N2, and designating the maximum tilt 
angle as 62, as described above Qtmax is given by the 5 
equation: 

N2x92=N1x01 = Qtmax 

And, even in the range where N1<Ng<N2 and 10 
ei>eg>62 ( the engine revolution speed and the pump 
tilt angle can be properly matched together, so that 
Qtmax becomes equal to Ng x eg. 

When the vehicle is being propelled down a slope 
and the engine revolution speed becomes less than N1 , 75 
in the range up to the revolution speed NO, the maxi- 
mum tilt angle OM of the hydraulic pump 1 is increased 
from 81 in accordance with the engine revolution speed 
not so as to exceed the limit speed of 35 km/h. In the 
range in which the revolution speed is less than NO, the 20 
maximum tilt angle 6M is limited by its maximum value 
8max=e0. Also in this case Qtmax is given by the follow- 
ing equation: 

N0x90 = N1x01 = Qtmax 25 

And, even in the range . where N0<Ng<N1 and 
60>6g>61 , the engine revolution speed and the pump 
tilt angle can be properly matched together, so that 
Qtmax becomes equal to Ng x eg. 30 

According to the above described method of con- 
trolling the engine revolution speed and the displace- 
ment of the hydraulic pump, the P-Q graphs for when 
the vehicle is being propelled along level ground, for 
when the vehicle is being propelled up a slope, and for 35 
when the vehicle is being propelled down a slope are 
respectively as in Figs. 14A through 14C. Now, referring 
to Figs. 14A through 1 4C, Qmax refers to the maximum 
flow amount which can be ejected from the hydraulic 
pump, when the engine revolution speed is at its maxi- 40 
mum and also the pump tilt angle is at its maximum. 

Fig. 14A is the P-Q graph when the vehicle is being 
propelled on the level ground, in order not to exceed the 
maximum output power at the engine revolution speed 
N1 the tilt angle control curve is set to be as shown by 45 
the line PQ1, and, as described above, because the 
maximum tilt angle 6max is limited to 61 , the output flow 
of the pump at the engine revolution speed N1 is con- 
trolled not to exceed the maximum value Qtmax. 
Accordingly, the portion of the fbw graph shown by the so 
broken line is elided. 

Fig. 14B is the P-Q graph when the vehicle is being 
propelled up a slope. In order not to exceed the maxi- 
mum output power at the engine revolution speed N2 
the tilt angle control curve is set to be as shown by the ss 
line PQ2, and, as described above, because the maxi- 
mum tilt angle 6max is limited to 62, the output flow of 
the pump at the engine revolution speed N2 is control- 
led not to exceed the maximum value Qmax. Accord- 
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ingly, the portion of the flow graph shown by the broken 
line is elided. 

Fig. 14C is the P-Q graph when the vehicle is being 
propelled down a slope. In order not to exceed the max- 
imum output power at the engine revolution speed NO 
the tilt angle control curve is set to be as shown by the 
line PQO. and, because the maximum tilt angle can be 
controlled to be increased until the hydraulic pump 
develops its maximum power value, thereby the maxi- 
mum pump output flow Qtmax (=Qmax) is in this case 
as determined by the P-Q graph, and there is no over- 
riding upper limit control therefor as there was in the 
case of the vehicle being propelled on the level ground 
or in the case of the vehicle being propelled up a slope. 

Now, an explanation will be given relating to con- 
crete operation, according to the tilt angle control of the 
variable displacement hydraulic pump 1 in this embodi- 
ment 

In the present embodiment, because, along with 
the target tilt angles 6L and 0T being outputted respec- 
tively from the load sensing control section 161 and the 
torque control section 162, the maximum tilt angle 6M is 
output from the maximum tilt angle setting circuit 167 
and the smallest of these values is selected by the min- 
imum value selection section 163 A, the maximum value 
of tilt angle is limited by the maximum tilt angle 6M. Fur- 
ther, along with the basic P-Q graph being set by the 
torque control section 162, the maximum revolution 
speed according to the vehicle driving pedal 6a is set to 
be N1, and when the vehicle is being propelled up a 
slope the engine is operated at a relatively high revolu- 
tion speed as compared to when the vehicle is being 
propelled on level ground, while when the vehicle is 
being propelled down a slope the engine is operated at 
a relatively low revolution speed as compared to when 
the vehicle is being propelled on level ground; and by 
this the P-Q graphs shown in Figs. 14A through 14C are 
obtained. 

Fig. 15 is a graph for explanation of the elevation of 
the specific fuel consumption when the vehicle is being 
propelled down a slope, and corresponds to Fig. 18 
which will be described hereinafter. I.e., during propul- 
sion of the vehicle down a slope the engine revolution 
speed is decreased to NO, and the engine output power 
is reduced to the power PSO required to be absorbed by 
the pump when descending a slope, so that the specific 
fuel consumption gO when the vehicle is being propelled 
down a slope is shown to be increased so as to be 
greater than the specific fuel consumption g1 when the 
vehicle is being propelled along level ground. 

Next, a detailed explanation will be given relating to 
this type of effect of improvement of specific fuel con- 
sumption. 

The present inventors, in Japanese Patent Laying 
Open Publication Showa 63-167042. have previously 
proposed a hydraulic control device for a hydraulically 
propelled work vehicle such as a wheel type hydraulic 
shovel or the like, which improves fuel consumption dur- 
ing vehicle propulsion. A summary of that control device 
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is as follows. 

Now, when the pump output flow amount required 
when the vehicle is being propelled upwards at the 
speed limit of 35km/h along an upwardly sloping road 
with a certain gradient, and the required pressure, are s 
determined as Q1 and R2 (which is greater than P1) 
respectively, then for example as shown in Fig. 16B the 
required power PS2 of the engine is determined; and 
further, the engine maximum revolution speed N2 and 
the maximum displacement q2 of the hydraulic pump 10 
are determined, and for example the graph of engine 
revolution speed versus pump output flow (the N-Q 
graph) may be as shown in Fig. 1 7. 

Typically, the performance of the engine for the 
hydraulic type vehicle propulsion system which has the is 
NtQ graph shown in Fig. 17 may be determined as 
shown in Fig. 18. As will be understood from the curve 
of revolution speed versus output power shown in Fig. 

1 8, if the power required to be absorbed by the hydraulic 
pump when the vehicle is being propelled upwards at 20 
35km/h along an upwardly sloping road with the certain 
gradient is designated by PS2, then this power will be 
developed when the engine revolution speed is equal to 
N2. And further, from the curve of engine revolution 
speed versus specif ic fuel consumption (the N-g graph), 25 
the specific fuel consumption at this time (g/PSh) will be 
understood to be equal to g2. 

On the other hand, if the power absorbed by the 
hydraulic pump when the vehicle is being propelled at 
35km/h along a level road by this kind of hydraulic type 30 
vehicle propulsion system is designated by PS1 (which 
is less than PS2), then it will be understood that if the 
vehicle is propelled along a level road with the engine at 
full throttle, the engine revolution speed at this time will 
be N2' (which is greater than N2), and the specific fuel 35 
consumption will be g2* (which is greater than g2). That 
is to say, with these settings for the engine and the 
hydraulic system, during vehicle propulsion on level 
ground at 35km/h it is not desirable for the engine to be 
used in this bad specific fuel consumption region. Fur- 40 
ther if, in order to use the engine in its good specific fuel 
consumption region during vehicle propulsion on level 
ground, the engine revolution speed is lowered and the 
power graph is set to PS1 of Fig. 16A, then the load 
pressure becomes P2 and the pump output flow amount 45 
becomes 02 when the vehicle is being propelled up a 
slope, and it is not possible to develop a speed equal to 
the speed limit of 35 km/h. 

Thus, with reference to Japanese Patent Laying 
Open Publication Showa 63-167042, as shown in Fig. so 

19, until the load pressure reaches a predetermined 
value P1 corresponding to vehicle propulsion on level 
ground, the engine revolution speed is set to N1 so that 
the engine power becomes PS1 (the line PQ1 of the P- 

Q graph), and in the range where the load pressure 55 
exceeds the predetermined value P1, until the engine 
power becomes equal to PS2 (the line PQ2 of the P-Q 
graph), the engine revolution speed is increased 
according to the load pressure. At this time, in order not 



to exceed the speed limit, in other words in order for the 
pump output flow amount not to exceed Q1, the dis- 
placement is reduced along with the increase in engine 
revolution speed, and the PVQ graph shown by the 
solid line in Fig. 19 is obtained. By doing this, the opti- 
mal matching of the power absorbed by the hydraulic 
pump in correspondence to the load and the engine out- 
put power is performed, and the engine and the hydrau- 
lic pump are controlled in the operational conditions 
which provide the best specific fuel consumption (g1 in 
Fig. 18). 

By the way. the load pressure when a wheel type 
hydraulic shovel is being propelled down a slope is also 
lower than during propulsion on level ground, so that the 
required power is PSO which is less than PS1 . Because 
of this, even if by using the above described system of 
Japanese Patent Laying Open Publication Showa 63- 
167042 the engine revolution speed is reduced as low 
as N1 during vehicle propulsion on level ground, never- 
theless when the vehicle is being propelled down a 
slope as shown in Fig. 15 the engine revolution speed 
rises up to the value NV, and accordingly the specific 
fuel consumption becomes g1\ i.e. is made worse. In 
this connection, the specific fuel consumption during 
vehicle propulsion on level ground at the engine revolu- 
tion speed N1 is g1, which is less than g1 \ I.e., with the 
prior art device described above, the power absorbed 
by the hydraulic pump when the vehicle is being pro- 
pelled down a slope and the output power of the engine 
are not optimally matched from the point of view of spe- 
cific fuel consumption. Therefore, as described above, 
by the engine revolution speed when the vehicle is 
being propelled down a slope being lowered down to 
NO, the specific fuel consumption is improved to gO. 

Now, it should be understood that the above 
explained tilt angle control device 40 is not in any way 
limited in this embodiment, and it would be possible to 
use various well known types of tilt angle control device. 
Further, although in this embodiment the process was 
performed of reducing the engine revolution speed by 
integrating the negative correction therefor according to 
the load pressure when the vehicle was being propelled 
down a slope, various other methods might also be 
adopted. For example, the condition of vehicle propul- 
sion down a slope might be detected from the signal 
from the brake switch, the forward/reverse changeover 
switch, the vehicle propulsion pilot pressure sensor, or 
the pump pressure sensor; and in such a case there is 
the possibility for the engine revolution speed to be low- 
ered by the governor lever being driven mechanically. 
Further, although in the above described embodiment 
the vehicle speed was kept constant by the pump tilt 
angle being increased in accordance with reduction of 
the engine revolution speed, it would also be accepta- 
ble, in a region in which there was no problem about 
alteration in vehicle speed, for this correspondence with 
reduction in engine revolution speed not to be strictly 
reciprocal. 
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Industrial Applicability 

The present invention can be generally applied to a 
work vehicle such as a wheel type hydraulic shovel or 
the like, in which pressurized hydraulic fluid is supplied 5 
from a hydraulic pump which is disposed in an upper 
rotating body portion thereof to a hydraulic motor for 
vehicle propulsion which is disposed in a lower moving 
body portion thereof. 

10 

Claims 

1. A control device for a hydraulically propelled work 
vehicle, comprising: 

15 

an engine revolution speed control means 
(360) which controls the revolution speed of an 
engine (21); 

a variable displacement type hydraulic pump 
(1) which is driven by said engine (21); 20 
a displacement variation means (40) which var- 
ies the displacement of this variable displace- 
ment hydraulic pump (1); 
a displacement control means (160A) which 
determines a target displacement according to 25 
the operational state of the pump, and drive 
controls said displacement variation means 
(40); and, 

a hydraulic motor (4) for vehicle propulsion 
which is driven by hydraulic fluid ejected from 30 
said variable volume type hydraulic pump (1); 
characterized in that: 

said control device comprises a slope 
descending detection means (52) which 
detects when the vehicle is descending down a 35 
slope; wherein, 

when said detection means (52) detects that 
the vehicle is descending down a slope, said 
engine revolution speed control means (360) 
reduces the revolution speed of said engine 40 
(21) and said displacement control means 
(160A) limits the maximum displacement of 
said hydraulic pump (1) to a value higher than 
during vehicle propulsion on level ground at a 
constant speed. 45 

2. A control device according to claim 1 , further char- 
acterized in that: 

said control device further comprises a slope so 
ascending detection means (52) which detects 
when the vehicle is ascending up a slope; 
wherein, 

When said detection means (52) detects that 
the vehicle is ascending up a slope, said ss 
engine revolution speed control means (360) 
increases the revolution speed of said engine 
(21) and said displacement control means 
(160A) limits the maximum displacement of 



said hydraulic pump (1) to a value lower than 
during vehicle propulsion on level ground at a 
constant speed. 
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